Abstract. The life activities of the human body are closely related to age, and the life process is constantly associated with the entropy change. In this paper, multivariate symbolic transfer entropy algorithm was proposed based on traditional symbolic transfer entropy, then we also adopted the dynamic adaptive method to symbolize the time series. This algorithm was used to study the relationship between multivariate symbolic transfer entropy and age. Experiments showed that the value of multivariate symbolic transfer entropy of middle-aged man is greater than that of the young. The hypothesis test can prove that the multivariate symbolic transfer entropy shows a significant difference in age. Thus, multivariate symbolic transfer entropy algorithm can provide a new method for the study of other physiological signals.
Introduction
The human life activities often have different characteristics at different ages, and these feature changes are associated with entropy changes [1] . Physiological signals such as EEG signals [2] , ECG signals [3] , EMG signals [4] and so on often reflect the human life activities. The collection and study of these physiological signals can explain life characteristics such as the aging of the human body, some of the human diseases.
Until now, the collection of physiological signals has been quite consummate. The EEG signals collection adopts the10-20 international system, and the ECG and EEG are easy to observe characteristics. For the research of physiological signals, the entropy algorithm based on information entropy gets wider attention, such as approximate entropy [5] , symbol entropy [6] , transfer entropy [7] and so on. However, these methods have their own limitations, such as being sensitive to noise, complex computation [8] , leading to their lower applicability. Some entropy calculations are based on symbolic dynamics, and traditional symbolic dynamics use static partitioning, ignoring some dynamic features, and dynamic partitioning [9] can compensate for this drawback. In this paper, multivariate symbolic transfer entropy algorithm was applied based on the traditional symbolic transfer entropy algorithm [10] [11] [12] , and the time series were symbolized by dynamic partitioning.
Symbolic Transfer Entropy
In 2008, Matthaus Staniek and Klaus Lehnertz improved the transfer entropy and proposed the symbol transfer entropy STE [10] . Symbolic essence is that the continuous signal is divided into several intervals according to a certain rule, which represented by different discrete symbols. The processing of symbol transfer entropy algorithm is to symbolize the two original time series firstly, reconstruct the phase space [11] , and then calculate the STE value.
The symbolization of the original sequence is defined as [11] :
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is a continuous time series, which represents Physiological signal, the length of the sequence is N. Here 1, 2,...,
, the mean of i x in X sequences is 1 u , which is greater than zero, the mean of i x in X sequences is 2 u , which is smaller than zero, a is constant. In the process of symbolization, if the value of a is chosen incorrectly, the original time series will lose some detailed information, here we choose a =0.05 [11] .
Phase space reconstruction is a process of expanding the symbolic and encoded one-dimensional discrete time series into m-dimensional space. Suppose the time series is 
In this Agreement, if two elements are equal, = , we will identified , so the chosen value of has m! kinds of possibility. For the same individuals, after the two-lead EEG time series collected at the same time are symbolized, coded, phase-space reconstructed, and re-ordered, we can get two time sequences. Then count the number of occurrences of the entire sequence, calculate the various situation as probability, and compute STE. STE calculation process is as follows [11] : T quantitatively describes the correlation degree and the degree of confusion of the two time series.
Multivariate Symbolic Transfer Entropy
If a stationary multivariate discrete-time stochastic process X is given, its sub process can be expressed as X , Y , Z , ..., then its multivariate transfer entropy is defined as [12] :
In view of the definition of the multivariate transfer entropy, we can deduce the definition of the multivariate symbolic transfer entropy, i.e. sequence X into symbolic sequence as follows:
The definition of entropy of multi-variable symbol transfer (MSTE) is [12] :
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Dynamic Division
The purpose of time series symbolization is to determine the division criteria of the symbol interval to convert the original continuous time series values into discrete symbol sequences based on the data values of the original time series. The traditional time division applies static division. This method is more rougher, which is used to capture large-scale information, leading to lose the details of the dynamic process information inevitably. And dynamic adaptive time series [9] can solve this problem more effectively.
Assuming that the acquired time series is:
Its length is N . Firstly, the sequence is embedded into the m-dimensional phase space, so as to reconstruct the phase space:
Here is the coordinate delay processing method which is commonly used in the phase space reconstruction. In the formula  is the delay time, m is the embedded dimension [9] . 
Data Analysis Materials
This article used the data collected by Nanjing General Hospital of Nanjing Military Command. We selected 4 samples from middle-aged and young groups respectively. The young samples are aged 15~20 years and the middle-aged samples are 30~50 years old. The sample data records multi-parameter EEG data including 16 lead signals. The data used in this paper are EEG data and ECG data. In this paper, 1 O and 2 O leads are used for EEG data. It is proved that the symbol transfer entropy of and leads has a good distinguishing degree, so we take 1 O and 2 O leads as the research object. So we use the leads 1 O and 2 O the ECG signals as a group of multivariate symbolic.
Methods
In this paper, we first extracted 1 O , 2 O lead data and ECG data from two different groups. Because there are too many data points in each sample , we took a point every 60 points as a new point to preprocess the data, and the length of each sequence was taken as L = 120.
Results

Comparison of Multivariate Symbolic Transfer Entropy
When the length of the sequence is L = 120, the multivariate symbolic transfer entropy of adolescents and middle-aged samples were calculated respectively. In order to increase the number of samples, an independent sample is segmented, each segment was recorded as a new sample. The results are shown as In order to make the results more impressive, we drew the high and low figure as follows: Figure 1 . The Range of MSTE of Young and Middle -aged Subjects(Mean  Std). As can be seen from Fig.1 , the mean of entropy of middle-aged subjects is greater than that of the young people. The range of multivariate symbolic transfer entropy of middle-aged people is obviously different from that of the young people. Although the entropy of the subjects is different because of some individual differences, it can be seen that the multivariate symbolic transfer entropy of the middle-aged people is generally greater than that of the adolescents.
Inspection and Analysis
We used SPSS to test the multivariate symbolic transfer entropy of dynamic partition time series by T test, 3 .606 t  , ig(2 ) 0.001 0.05 S tailed    .Based on the above test results, we think the multivariate symbolic transfer entropy has a significant difference in age.
It is found that the multivariate symbolic transfer entropy algorithm reflects the significant difference in age when the time series is divided by dynamic adaptive method, and the multivariate symbolic transfer entropy of middle-aged population is larger than that of young. This is consistent with the actual theory. Entropy is used to measure the degree of confusion. Human life is an open system, where always exists irreversible process caused by the change of entropy, which means that the human body still has the trend to be disorder. That is, adolescents correspond to the orderly state, and the middle-aged people correspond to disorder, so the body will die eventually.
Summary
This paper proposes a multivariate symbolic transfer entropy algorithm to study the age difference of the human body, the experimental results show that the multivariate symbolic transfer entropy of middle-aged people is higher than that of adolescents. After the hypothesis test, the difference in age is significant. Multivariate symbolic transfer entropy algorithm can better consider the coupling of multi-parameter of living body, and provides a new method for studying other features of physiological signal.
